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Clinical perspectiveWhat Is New?Detailed examination of spatiotemporal and demographic trends among older Americans revealed overall increases in cardiovascular disease (CVD)‐related hospitalization rates among older Americans, increases in acceleration of age‐related CVD hospitalization rates over 2 decades, increasing rates of deferral of CVD‐related health care to the age of Medicare onset, particularly among Blacks and Native Americans, and highest CVD‐related hospitalization rates among older men and women in the southern and midwestern United States.What Are the Clinical Implications?For clinicians and public health professionals, this study emphasizes the urgent need to focus on primary prevention of CVD among younger populations, through proven cost‐effective approaches such as improvements in diet and lifestyle, to prevent ever‐larger burdens of CVD morbidity among older populations, particularly as the US population ages.Access to affordable health care for all Americans throughout the life course is imperative in order to prevent deferral of healthcare access until Medicare onset, which results in sicker patients and higher healthcare costs; furthermore, clinical and public health resources must be dedicated to improving the cardiovascular health of underserved rural and minority populations.

 {#jah34465-sec-0008}

Cardiovascular disease (CVD) is the leading cause of death and disability in the United States in both men and women, currently causing ∼1 of every 4 deaths, and 85.6 million cases.[1](#jah34465-bib-0001){ref-type="ref"} Over half of prevalent CVD cases and 80% of CVD deaths occur in adults aged 65 years and over, and the US population is rapidly aging; by 2030, older adults will comprise ∼20% of the US population and average life expectancy will approach 80 years of age.[2](#jah34465-bib-0002){ref-type="ref"} In combination, the overall declining trend in age‐specific CVD mortality over the past half‐century,[1](#jah34465-bib-0001){ref-type="ref"} the aging of the US population, and increasing life expectancy will have major impacts on CVD burdens among older adults.[2](#jah34465-bib-0002){ref-type="ref"}

Prior investigations of CVD‐related hospitalization patterns in the US elderly have revealed disparities by sex and race/ethnicity, with higher hospitalization rates for myocardial infarction, heart failure, and stroke in men compared with women and higher hospitalization rates for heart failure and stroke in blacks, Hispanics, and Native Americans compared with whites;[3](#jah34465-bib-0003){ref-type="ref"} however, these investigations were limited to a single year and did not assess trends by time or by granular age category. Other analyses of CVD trends in the United States examined mortality but not morbidity in the elderly population.[4](#jah34465-bib-0004){ref-type="ref"} Of those investigating CVD morbidity, several focused only on particular CVD subtypes and not on total CVD,[5](#jah34465-bib-0005){ref-type="ref"}, [6](#jah34465-bib-0006){ref-type="ref"}, [7](#jah34465-bib-0007){ref-type="ref"}, [8](#jah34465-bib-0008){ref-type="ref"}, [9](#jah34465-bib-0009){ref-type="ref"}, [10](#jah34465-bib-0010){ref-type="ref"} or on particular types of hospital admissions or comorbid conditions.[11](#jah34465-bib-0011){ref-type="ref"}, [12](#jah34465-bib-0012){ref-type="ref"}, [13](#jah34465-bib-0013){ref-type="ref"}, [14](#jah34465-bib-0014){ref-type="ref"}, [15](#jah34465-bib-0015){ref-type="ref"}, [16](#jah34465-bib-0016){ref-type="ref"}, [17](#jah34465-bib-0017){ref-type="ref"}, [18](#jah34465-bib-0018){ref-type="ref"}

To date, long‐term trends in total CVD‐related hospitalization rates in the US elderly, including spatial distributions and disparities by sex or race/ethnicity, have not yet been examined in depth using data with full coverage of the elderly population and in granular age categories. Gaps in knowledge of heterogeneities by age, sex, race/ethnicity, and geographic location over time hinder the development of effective targeted strategies for curbing CVD burdens in the elderly[19](#jah34465-bib-0019){ref-type="ref"}, [20](#jah34465-bib-0020){ref-type="ref"} as well as the forecasting of future CVD trends, which are crucial to appropriate resource allocation.[21](#jah34465-bib-0021){ref-type="ref"}, [22](#jah34465-bib-0022){ref-type="ref"}, [23](#jah34465-bib-0023){ref-type="ref"}

In this analysis we examine, in detail, trends in total CVD among older Americans, including temporal trends from 1991 to 2014, demographic trends by age, sex, and race/ethnicity, and geographic trends by state and region, using hospitalization records from the US Centers for Medicare & Medicaid Services (CMS),[24](#jah34465-bib-0024){ref-type="ref"} which provide the most comprehensive data available on the hospitalizations in the US population aged 65 years and over. In particular, we investigate age trajectories of hospitalization in the elderly over time, between demographic subgroups, and by geographic region using single‐year age distributions in order to provide detailed characterization of national and subnational trends in CVD among the US elderly.

Methods {#jah34465-sec-0009}
=======

Summary statistics, results of modeling, and aggregated anonymized information that support the findings of this study are available from the corresponding author upon reasonable request.

Data Abstraction {#jah34465-sec-0010}
----------------

Hospitalization records of Medicare beneficiaries aged 65 and older were obtained from CMS; Medicare provides health coverage for almost all older adults (98%) in the United States.[24](#jah34465-bib-0024){ref-type="ref"} We abstracted 181 202 758 hospitalization records compiled by CMS indicating CVD diagnosis in any of the 10 hospitalization diagnosis codes recorded by CMS, and tabulated total cases of CVD by sex, age (single year or age group), state, and calendar year (1991--2014). We included major CVD subtypes impacting the US population,[25](#jah34465-bib-0025){ref-type="ref"} including ischemic heart disease, hemorrhagic stroke, ischemic stroke, rheumatic heart disease, hypertensive heart disease, cardiomyopathy and myocarditis, atrial fibrillation and flutter, peripheral artery disease, endocarditis, aortic aneurysm, congestive heart failure, and other cardiovascular and circulatory diseases. Detailed *International Classification of Diseases, Ninth Revision (ICD‐9)* codes for all disease outcomes are provided in Table [S1](#jah34465-sup-0001){ref-type="supplementary-material"}. Data by single year of age were obtained from CMS for 1991 to 2006. For 2008 to 2014, data aggregated by 5‐year age groups for individuals aged 65 years and over were provided by CMS. For clarity and brevity, even years of data are depicted in key figures showing general trends over time; data for 2007 were requested from CMS but were not provided as of the drafting of this article and therefore have not been included in this analysis.

Analysis of CVD Hospitalization Rates {#jah34465-sec-0011}
-------------------------------------

Annual population counts for the US population aged 65 years and over by single year of age, sex, and race were obtained from US Census and intercensal estimates spanning the time period 1991 to 2014.[26](#jah34465-bib-0026){ref-type="ref"} To preserve the integrity and continuity of data sets across 24 years, we performed data standardization. We explored the use of "Other" and "Unknown" categories in reporting race over time and investigated how the distributions of these categories changed over time. Hospitalization rates were calculated by dividing stratum‐specific hospitalization counts by population counts for each calendar year of data. For the 1991 to 2006 time period, data were available by single year of age, and it was possible to investigate the changes in hospitalization rate with each year of age using a modified version of the Slope‐Intercept Method for Population Log‐linear Estimation (SIMPLE),[27](#jah34465-bib-0027){ref-type="ref"} utilizing a polynomial function for the log~e~‐transformed rates. First‐, second‐, and third‐degree polynomial functions were tested, with the third‐degree polynomial function exhibiting the best fit to the data, indicated by *R* ^2^\>98% for each calendar year. (Table [S2](#jah34465-sup-0001){ref-type="supplementary-material"}). Equation 1 describes the model:$$\text{In}{(\text{rate}_{aij})} = \beta_{0} + \beta_{1}{(a_{ij})} + \beta_{2}{(a_{ij})}^{2} + \beta_{3}{(a_{ij})}^{3}$$

specifying the single‐year age distribution of log~e~‐transformed hospitalization rates for a -- centered year of age, for i -- calendar year (i=1991--2004), and for j--population subgroup of interest based on sex and race. We centered the age variable at age 65 years, so a=1 to 35 represents ages from 66 to 99, and the intercept of the model β~0~ reflects the predicted hospitalization rate when Medicare benefits become available to the eligible US residents.

Model coefficients were estimated for the total elderly population and each population subgroup of interest and were used to predict age‐, year‐, and population‐specific rates and rates at age 65 years. Both actual and predicted CVD hospitalization rates as single‐year age distributions were presented for the entire country stratified by sex using heatmap plots. Differences in predicted single‐year age distributions were stratified by age and race/ethnicity, and the Kolmogorov‐Smirnov test was used to determine the statistical significance of differences between single‐year age distributions.

Normalization of Hospitalization Rates for 1998 to 2002 {#jah34465-sec-0012}
-------------------------------------------------------

Batches of administrative records were purchased at discrete time points over the past 2 decades. The separate data batches included 1991 to 1997, 1998 to 2002, 2003 to 2004, 2005 to 2006, and 2008 to 2014. Due to differences in data preparation algorithms used by CMS over time, on occasion, data batches can have universally lower or higher numbers of records than preceding or subsequent data batches. However, as such differences universally affect a data batch, they are unlikely to bias overall trends within the data. In order to assemble a long time series of data such as that spanning 1991 to 2014, investigators can either re‐purchase the entire data set from CMS, or utilize already‐purchased data and develop methods to account for differences in data batch preparation and integrate such batches harmoniously. The prohibitive cost of repurchasing the entire time series from CMS led us to utilize the latter option. Noting differences in batch preparation of data by CMS because of data purchasing structure, we found the overall counts of CVD‐related hospitalization for years 1998 to 2002 were lower than the batches of 1991 to 1997, 2003 to 2004, 2005 to 2006, and 2008 to 2014. To normalize the rates for these periods while retaining the integrity of age and time trends, we used an offset based on the hospitalization rates for the year preceding the adjusted period (*h* ~*0*~) and the first year of the adjusted period (*h* ~*1*~), where the offset is:$$d = h_{0} - h_{1}$$

Therefore, adjusted age‐specific rates, $H_{k,i}^{\ast}$, were calculated as:$$h_{k,i}^{\ast} = {(d + h_{i})}{(h_{k,i}/h_{i})}$$where H~i~ is an original annual rate for year i, and h~k,i~ is an age‐specific rate for age k in year i.

More complex versions of this data normalization technique are commonly used for other massive data sets, such as those obtained through remote sensing, where records must be mosaicked in order to obtain a full image.[28](#jah34465-bib-0028){ref-type="ref"}

Estimation of Maximal Year‐Specific Rates and Peak Age of Hospitalization Counts {#jah34465-sec-0013}
--------------------------------------------------------------------------------

The age at which CVD‐related hospitalization rates reach their maximum was estimated by determining the rate at the local maximum of the third‐degree polynomial function applied to the single‐year age distribution. Similarly, for each calendar year, peak age of hospitalization counts were estimated by determining the local maximum of the curve fitting the single‐year age distribution of CVD‐hospitalization counts. For years in which only age‐group data were available (2008--2014), the age at the maximum rate was determined across aggregate age groups.

Use of CMS data in these analyses has been approved by the Tufts University Health Sciences Campus Institutional Review Board, which is manifested through Data Use Agreements with Tufts University and the US Centers for Medicare & Medicaid Services. The Institutional Review Board determined that this research is not research involving human subjects as defined by US Department of Health and Human Services and Food and Drug Administration regulations; therefore, the need for informed consent has been waived. All analyses were conducted using R version 3.1.2.

Results {#jah34465-sec-0014}
=======

National Trends by Year, Age, Sex, and Race/Ethnicity {#jah34465-sec-0015}
-----------------------------------------------------

Between 1992 and 2014, the Medicare‐eligible elderly population in the United States increased by 44% from 32.1 million in 1992 to 46.2 million in 2014, and the total number of CVD hospitalizations in the same population and period increased by 69% from 7.2 million in 1992 to 12.2 million in 2014 (Figure [1](#jah34465-fig-0001){ref-type="fig"}A). Hospitalization rates related to CVD among the population aged 65 years and over were similar among men and women, increased across the 24‐year period among both men and women, and also increased with age across 5‐year age groups (Figure [1](#jah34465-fig-0001){ref-type="fig"}B and [1](#jah34465-fig-0001){ref-type="fig"}C).

![CVD hospitalization counts and rates among older Americans 1992 to 2014, overall, by sex/age by race/ethnicity: **A**, Total CVD hospitalization counts. **B**, Female CVD hospitalization rates by 5‐year age category. **C,** Male CVD hospitalization rates by 5‐year age category. **D**, CVD hospitalization counts categorized as "other" or "unknown" race/ethnicity. **E**, CVD hospitalization counts for Native Americans, Asians, and Hispanics. **F**, CVD hospitalization rates by race/ethnicity. Data source: US Centers for Medicare & Medicaid Services and US Census. CVD indicates cardiovascular disease.](JAH3-8-e012727-g001){#jah34465-fig-0001}

Tabulation of CVD hospitalization counts by race/ethnicity revealed misclassification of race/ethnicity for Native Americans, Asians, and Hispanics in the 1990s when up to 400 000 Medicare participants hospitalized for CVD were classified into "other" and "unknown" race/ethnicity categories; this number declined with time, stabilizing between 125 000 and 180 000 after 2000 (Figure [1](#jah34465-fig-0001){ref-type="fig"}D). Concurrent with declines in hospitalizations categorized as "other" and "unknown" race/ethnicity, CVD hospitalizations reported for Native Americans, Hispanics, and Asians increased from \<100 000 in 1994 to almost 400 000 in 2014, reflecting both improved collection of data on race/ethnicity and, to some extent, population growth (Figure [1](#jah34465-fig-0001){ref-type="fig"}E). Because of misclassification of race/ethnicity in CMS hospitalization data in the 1990s, rates of CVD‐related hospitalizations for Native Americans, Hispanics, and Asians during this time period are significantly underestimated until at least 1996 (Figure [1](#jah34465-fig-0001){ref-type="fig"}F), as there were almost certainly CVD‐related hospitalizations for these populations before this time period that were not adequately captured in CMS records.[29](#jah34465-bib-0029){ref-type="ref"} By CVD subtype, hospitalization burdens were highest for ischemic heart disease and heart failure and lowest for hemorrhagic stroke, with similar time trends across subtypes (Figure [2](#jah34465-fig-0002){ref-type="fig"}).

![Trends 2008 to 2014 in cardiovascular disease--related hospitalizations among older Americans by subtype. Data source: US Centers for Medicare & Medicaid Services and US Census.](JAH3-8-e012727-g002){#jah34465-fig-0002}

Subanalysis of Granular Trends by Single‐Year of Age, Sex, and Race/Ethnicity, 1991 to 2006 {#jah34465-sec-0016}
-------------------------------------------------------------------------------------------

From 1991 to 2006, the period for which CMS data were provided by single‐year of age enabling detailed investigation of CVD hospitalization distributions by age, the national distributions of CVD hospitalization rates by single year of age for the US elderly aged ≥65 were best described by a third‐degree polynomial function, which appropriately fits the steep increases in CVD hospitalization rates through the eighth or ninth decade of life, and the flattening or decrease in rates thereafter (Figure [3](#jah34465-fig-0003){ref-type="fig"}). The intercept of this cubic polynomial indicates the predicted rate at age 65 years, the age of Medicare eligibility; the coefficient of the linear term characterizes the linear increase in hospitalization rate with age; that of the quadratic term describes the acceleration in the rate of linear increase; and that of the cubic term quantifies the flattening or downturn after the peak in the curve. Age‐specific CVD‐related hospitalization rates increased during 1991 to 2006 across the entire elderly population as demonstrated by the annual upwards shift in the single‐year age distribution curves in Figure [3](#jah34465-fig-0003){ref-type="fig"} and Figure [S1](#jah34465-sup-0001){ref-type="supplementary-material"}.

![Distributions of cardiovascular disease--related hospitalization rates per 100 adults, by single year of age and calendar year between 1992 and 2006 in US adults aged ≥65 years, based on data from the US Centers for Medicare & Medicaid Services and the US Census. Actual year‐specific hospitalization rates are shown as points; rates predicted by third‐degree polynomial regression are shown as curves. The polynomial is specified as: ln(rate~aij~)=β~0~+β~1~(a~ij~)+β~2~(a~ij~)^2^+β~3~(a~ij~)^3^, which specifies the single‐year age distribution of log~e~‐transformed hospitalization rates for *a* -- year of age (a=65--99), for i -- calendar year (i=1992, 1998, 2006).](JAH3-8-e012727-g003){#jah34465-fig-0003}

Deviations between actual hospitalization rates and those predicted by the cubic polynomial function were minimal in the overall US elderly population, and were most apparent at age 65 years, as indicated in differences between the points (actual rates) and curves (predicted rates) in Figure [3](#jah34465-fig-0003){ref-type="fig"}, and adjacent year‐specific heatmap columns in Figure [4](#jah34465-fig-0004){ref-type="fig"}. The higher‐than‐predicted rates of CVD‐related hospitalization at age 65 years, indicated by the orange points in Figure [S1](#jah34465-sup-0001){ref-type="supplementary-material"}, are because of high rates of healthcare utilization by previously uninsured individuals at the onset of Medicare eligibility at age 65 years. The difference between the hospitalization rates at ages 65 and 66 years across the entire US elderly population represents the magnitude of the Medicare onset spike at age 65 years. The change from no onset spike in 1991 to a difference of 8.47 CVD hospitalizations per 100 people in 2006 suggests sharp increases in elderly requiring CVD‐related health care at Medicare eligibility onset (Figure [3](#jah34465-fig-0003){ref-type="fig"}). Acceleration in age‐related hospitalization rates in the elderly was evident from 1991 to 2006, indicated by increases in the quadratic coefficient of the polynomial regression, which tripled for women and increased 6‐fold for men during this time period (Table [S3](#jah34465-sup-0001){ref-type="supplementary-material"}).

![Actual and predicted cardiovascular disease--related hospitalization rates in US adults aged ≥65 years by single year of age and calendar year 1991 to 2006 for men **(left)** and women **(right)**. Actual hospitalization rates were calculated by dividing age‐ and sex‐specific cardiovascular disease hospitalization counts collected by the US Centers for Medicare & Medicaid Services by corresponding population counts from the US Census and are denoted in columns with an "A"; columns displaying hospitalization rates predicted using a third‐degree polynomial function are denoted with a "P." Actual and predicted rates for each calendar year are shown adjacent to one another.](JAH3-8-e012727-g004){#jah34465-fig-0004}

Analysis of time trends by single‐year of age (Figure [4](#jah34465-fig-0004){ref-type="fig"}) presents significantly greater insights into age patterns in cardiovascular hospitalizations in comparison to analysis by broad 5‐year age category (Figure [1](#jah34465-fig-0001){ref-type="fig"}), highlighting the importance of accessible, detailed data from CMS. Between 1991 and 2006, CVD hospitalization rates increased for each single‐year age group (Figure [4](#jah34465-fig-0004){ref-type="fig"}). For example, age‐specific CVD‐related hospitalization rates in men increased 32% to 40% over time: rates in men aged 65 years increased from 13.0 per 100 people in 1991 to 17.2 per 100 in 2006; at age 85 years, rates increased from 39.8 per 100 in 1991 to 53.0 per 100 in 2006, and at age 95 rates increased from 47.5 per 100 to 66.5 per 100. Though overall age‐specific rates were lower for women than for men, trends over time were similar, with rates for women increasing by 52% from 10.0 per 100 people in 1991 to 15.2 per 100 in 2006 at age 65 years; for women aged 85 years, rates increased by 41% from 35.1 to 49.5 per 100; and at age 95 years, rates among women increased by 53% from 43.9 to 67.1 per 100 (Table [S3](#jah34465-sup-0001){ref-type="supplementary-material"}, Figure [4](#jah34465-fig-0004){ref-type="fig"}). Birth‐cohort effects were evident for the population born in 1901 (participants aged 90 in 1991), which displayed hospitalization rates lower than predicted, with this effect persisting through the ninth decade of life for both men and women in this cohort (Figure [4](#jah34465-fig-0004){ref-type="fig"}).

Given evidence of misclassification of race/ethnicity in CMS data, particularly for groups other than whites and blacks through the 1990s, relevant comparison of trends by race/ethnicity can only be made for the period following 2001. Over the 6‐year period 2001 to 2006, for which CMS data were available by single‐year of age enabling detailed analysis of changes in single‐year age distributions, maximal CVD hospitalization rates in the elderly population per 100 people increased by 239%, from 17.3 to 58.7 among Native American men and by 264%, from 17.8 to 64.8, in Native American women (Figure [S2](#jah34465-sup-0001){ref-type="supplementary-material"}). It is important to note, however, that this dramatic increase over a 6‐year period is likely, in part, to be related to annual improvements in the coding of race/ethnicity of Native American Medicare beneficiaries.[29](#jah34465-bib-0029){ref-type="ref"} Between 2001 and 2006, smaller increases in rates were noted among Hispanic men and women (from 14.5 to 22.3 \[54%\], and from 14.2 to 23.2 \[63%\], respectively). Increases in CVD hospitalization rates among Asian men and women were similarly modest, with changes of 51% from 19.9 to 30.1 per 100 men, and 68%, from 15.6 to 26.2 per 100 women during this period. For black men and women, the maximal rate increased from 57.0 to 70.4 (24%), and 60.7 to 77.3 (27%), per 100 people, respectively. For whites, rates increased by 32% (55.6 to 73.5 per 100) and 38% (50.1 to 69.3 per 100) for men and women, respectively, between 2001 and 2006. The age at which the maximum CVD hospitalization rate was observed among older adults increased modestly for most race categories between 2001 and 2006, from 88 to 91 for Native American men, 88 to 92 for Native American women, 89 to 90 for Asian men and women, 87 to 90 for Hispanic men, 88 to 90 for Hispanic women; 91 to 92 for black men, 92 to 93 for black women; and held constant at 92 for white men and 93 for white women (Table [S3](#jah34465-sup-0001){ref-type="supplementary-material"}, Figure [S2](#jah34465-sup-0001){ref-type="supplementary-material"}).

At age 65 years, the rates for Native Americans from 2001 to 2006 increased steeply from 4.2 to 18.5 CVD hospitalizations per 100 men and 5.0 to 19.7 per 100 women (Table [S3](#jah34465-sup-0001){ref-type="supplementary-material"}, Figure [S2](#jah34465-sup-0001){ref-type="supplementary-material"}), which, as stated previously, could be partially related to improvements in race/ethnicity coding by CMS. Among Asians and Hispanics, rates per 100 people increased more modestly from 2001 to 2006: from 1.5 to 3.9 per Asian men; 1.06 to 3.5 for Asian women, 1.9 to 3.0 for Hispanic men, and 1.4 to 2.6 for Hispanic women. In part because of more accurate collection of records on race among blacks and whites, overall hospitalization rates at age 65 years were higher among blacks and whites, with rates increasing by ≈1.2‐fold: 22.2 to 28.5 per 100 black men, 23.2 to 27.5 per 100 black women, 14.1 to 17.3 per 100 white men, and 12.0 to 14.8 per 100 white women. Additionally, the increases in Medicare onset spike at age 65 years are particularly pronounced for black and Native American men and women (Figure [5](#jah34465-fig-0005){ref-type="fig"}, Table [S3](#jah34465-sup-0001){ref-type="supplementary-material"}), emphasizing the sharp increases in the elderly among these populations who require CVD‐related health care at the onset of Medicare eligibility. The coefficient of the quadratic term of the third‐degree polynomial indicates shifts from deceleration to acceleration in age‐related CVD hospitalization rates from 2001 to 2006 among Native American, Asian, and Hispanic men and women (Table [S3](#jah34465-sup-0001){ref-type="supplementary-material"}, Figure [S2](#jah34465-sup-0001){ref-type="supplementary-material"}). During this period, accelerations increased roughly 3‐fold for black men, black women, and white women, and 11‐fold for white men.

![Calculated difference in predicted cardiovascular disease (CVD)--related hospitalization rates at age 65 and 66 years by race/ethnicity, sex, and calendar year. This difference in rates potentially reveals the number of people who did not have access to health care before age 65 years and subsequently sought care at the age of Medicare eligibility, resulting in a larger CVD‐related hospitalization rate at age 65 than at age 66 years.](JAH3-8-e012727-g005){#jah34465-fig-0005}

National Trends by Year, Sex, and Geographic Region 1991 to 2014 {#jah34465-sec-0017}
----------------------------------------------------------------

Overall, rates of CVD‐related hospitalizations among the elderly increased in all US states between 1991 and 2014, in part because of population aging during the time period, with evidence of pronounced heterogeneity in rates by geographic region (Figure [6](#jah34465-fig-0006){ref-type="fig"}). On average, rates were highest in Southern states over the 24‐year time period for both men and women. Florida presents a notable exception to this trend, with much lower rates of CVD‐related hospitalizations than other Southern states, despite its large elderly population, likely related to the "snowbird" phenomenon in which a large portion of the elderly population in Florida have their medical claims administered in their home states.[30](#jah34465-bib-0030){ref-type="ref"} CVD‐related hospitalization rates were lowest in the Western states, though the particularly low rates in Hawaii should be interpreted with caution because of the comparatively small population of older adults in that state.

![Cardiovascular disease--related hospitalization rate by state and year for (**A**) men, and (**B**) women. Heatmaps indicate the overall hospitalization rate among the US elderly by state and year from 1992 to 2014. Data source: US Centers for Medicare & Medicaid Services and US Census.](JAH3-8-e012727-g006){#jah34465-fig-0006}

The age at which the peak number of hospitalizations occurred was typically lower in men than in women and varied over time as well as by geographic region (Figure [7](#jah34465-fig-0007){ref-type="fig"}). Averaged over the 24‐year time period, South Dakota had the oldest peak age among men, and Rhode Island had the oldest among women; Alaska had the youngest peak age for both men and women, potentially reflecting the younger age‐structure of the population in that state. At the national level, the age at which the peak number of CVD hospitalizations occurred in elderly men increased over time from age 70 years in 1992 to age 75 years in 2014. The largest increase in the peak age of CVD hospitalizations among men occurred in California, with increases of 13 years in age between 1991 and 2014. In Nevada, older men had a decline of 5 years in peak age, the largest decline among all states. Among older women in the United States, peak age of CVD hospitalization increased from age 77 years in 1991 to 80 years in 2014. Older women in Wyoming experienced the largest decrease in peak age between 1991 and 2014, 6 years; whereas the greatest increases in peak age over time in this population, 11 years, occurred in Delaware, South Carolina, and Nevada.

![Age at which maximum cardiovascular disease (CVD)--related hospitalization rates were observed by state and year for (**A**) men, and (**B**) women. Heatmaps indicate the age at which the highest rate of CVD‐related hospitalizations was observed by year and state among the US elderly from 1992 to 2014. The top panel indicates the average peak age by state across the entire time period. Data source: US Centers for Medicare & Medicaid Services and US Census.](JAH3-8-e012727-g007){#jah34465-fig-0007}

Discussion {#jah34465-sec-0018}
==========

This analysis of trends in CVD hospitalizations rates in the US elderly population by age, calendar year, and race, based on over 181 million hospitalization records from CMS from 1991 to 2014 revealed increases in both CVD hospitalization rates by age for men and women, and in peak age of hospitalization rates and counts. Acceleration in hospitalization rates with age was also apparent in the entire US elderly population, as well by race/ethnic subgroup. We further found notable underreporting/misclassification by race, resulting in significant underestimation of CVD hospitalization rates in Native Americans, Asians, and Hispanics in the 1990s. Together, these results provide the most comprehensive characterization thus far of trends in CVD hospitalization burdens in the US elderly population over a 24‐year period.

Several factors could contribute to the observed increases in CVD burden among the elderly over the 24‐year study period. Age‐specific mortality rates for CVD in the United States have been declining for the past half‐century (with recent exception[31](#jah34465-bib-0031){ref-type="ref"}), and improved survival after CVD events, longer life expectancy, and overall aging of the population, in combination, have led to increases in the number of elderly people living with existing CVD, as observed in other high‐income countries.[32](#jah34465-bib-0032){ref-type="ref"} Changes in the organization and financing of health care over time, and the implementation of national healthcare policies may have affected access to care, and thus also contributed to these trends.[33](#jah34465-bib-0033){ref-type="ref"}

Examination of single‐year age distributions of CVD hospitalizations over time reveals several interesting trends. First, the magnitude of the difference between rates at ages 65 and 66 years potentially reveals the number of people who did not have access to health care before age 65 years and subsequently sought care at the age of Medicare eligibility. This phenomenon has been described in other studies looking at the impact of Medicare eligibility on utilization of basic clinical services,[34](#jah34465-bib-0034){ref-type="ref"} breast cancer screening,[35](#jah34465-bib-0035){ref-type="ref"} and overall hospital admissions,[36](#jah34465-bib-0036){ref-type="ref"}, [37](#jah34465-bib-0037){ref-type="ref"} but none have yet investigated this trend specifically for CVD. Our findings indicate that deferral of healthcare utilization until the age of Medicare eligibility has increased over time during the period for which we were able to estimate trends by single‐year or age, both in the overall elderly population, but particularly so among blacks and Hispanics, and reasons for this increase, such as diminished access to health insurance and health care before Medicare eligibility, require further investigation. Second, steeper reductions in CVD hospitalization rates in the ninth decade of life between 1991 and 2006 reveal the impact of reductions in age‐specific CVD mortality rates over time,[1](#jah34465-bib-0001){ref-type="ref"} and also suggest survival of the most robust segment of the population into very old age. Third, upward shifts in the single‐year age distributions in the overall population, as well as by race/ethnicity, reveal increases in age‐specific hospitalization rates among all US elderly, which potentially reflects an aging population that is living longer with CVD burdens, and bears significant implications for future increases in healthcare costs.[38](#jah34465-bib-0038){ref-type="ref"}

The issue of misclassification of race/ethnicity has been identified in multiple large population‐based data sets in the United States.[39](#jah34465-bib-0039){ref-type="ref"}, [40](#jah34465-bib-0040){ref-type="ref"}, [41](#jah34465-bib-0041){ref-type="ref"}, [42](#jah34465-bib-0042){ref-type="ref"}, [43](#jah34465-bib-0043){ref-type="ref"}, [44](#jah34465-bib-0044){ref-type="ref"}, [45](#jah34465-bib-0045){ref-type="ref"} Our findings of high levels of underreporting leading to misclassification of race for Native Americans, Asians, and Hispanics, particularly in the 1990s, merit attention, since such misclassification leads to great underestimation of disease rates in these populations. Misclassification of race/ethnicity in CMS data in the 1990s can be traced to an overly simplistic race coding scheme used by the US Social Security Administration, from which CMS receives information on race/ethnicity of participants. Until 1980, the US Social Security Administration allowed classification of an applicant\'s race/ethnicity into only 3 categories, "White," "Black," and "Other"; the "Unknown" category was used for people who did not report a race category in their US Social Security Administration application.[46](#jah34465-bib-0046){ref-type="ref"}, [47](#jah34465-bib-0047){ref-type="ref"} Since most individuals in our sample obtained a social security number before 1980, their racial/ethnic identifiers were limited to those 4 categories. These categories were expanded in US Social Security Administration files in 1980, replacing "Other" with Hispanic, Asian/Pacific Islander, and American Indian, and the records were updated in the Medicare Enrollment Database in 1994. In 1997, CMS surveyed beneficiaries with Spanish surnames and those with "other" or "unknown" race/ethnicity to collect race/ethnicity data, further improving the quality of the race/ethnicity reporting. However, more recent assessments of the data show that issues of misclassification persist.[48](#jah34465-bib-0048){ref-type="ref"} Our analyses suggest that improving current methods of race/ethnicity reporting is essential in population surveillance and that care should be taken to identify and adjust for misclassification when utilizing existing population‐based records for estimating disease burdens in minority populations,[49](#jah34465-bib-0049){ref-type="ref"}, [50](#jah34465-bib-0050){ref-type="ref"} which is a crucial step in identifying and remedying health disparities. In estimating CVD hospitalization rates by race, we noted particularly high rates of increase in Native American and Hispanic populations, which could be because of both improvements in collection of data on race over time, as well as actual increases in number of CVD hospitalizations in these groups, consistent with CVD mortality estimates in other studies.[43](#jah34465-bib-0043){ref-type="ref"}, [45](#jah34465-bib-0045){ref-type="ref"} We also noted that the peak age of hospitalization in Native Americans and Hispanics is lower than in blacks or whites, consistent with findings that Native American and Hispanic populations develop cardiovascular disease at younger ages than the overall population.[51](#jah34465-bib-0051){ref-type="ref"}, [52](#jah34465-bib-0052){ref-type="ref"} Though Asians showed more moderate rates of increase and higher peak ages of hospitalization than did other minority groups, this could mask heterogeneity within the Asian population in the US elderly, given marked distinctions in CVD epidemiology between East Asian--origin and South Asian--origin populations.[53](#jah34465-bib-0053){ref-type="ref"}

This study has several strengths. Our analyses are based on a data collection structure with uniform nationwide coverage of the US population aged 65 years and above, providing the most comprehensive available records with which to analyze trends in CVD hospitalization rates; these data also span 24 years, which allows for assessment of long‐term trends in CVD‐related hospitalizations in the US elderly. Furthermore, the modeling approach we used provides a high degree of fit to the hospitalization data with only small deviations between actual and predicted rates and generates interpretable coefficients. The polynomial model developed in this analysis allows comparable and quantitative description of age‐related trends across race/ethnicity groups and over time (for example, age‐related acceleration and deceleration in hospitalization rates). Additionally, fitting of the model reduces variability in the raw age‐specific data and therefore allows for more accurate identification of age‐related features of the data, such as peak age. Importantly, in this analysis we have examined distributions of CVD rates by single year of age in the elderly population over a 15‐year period, providing granular insight into age‐related trends. This detailed look at trends by single year of age is particularly important because it highlights 2 findings that have not previously been characterized in depth for CVD‐related hospitalization and merit further investigation: first, the increasingly large difference in rates between ages 65 and 66 years, indicating larger hospitalization burdens at age 65 years and suggesting larger populations without access to medical care before the age of Medicare eligibility; and second, the downturn in rates among the oldest old, which could be relevant to survival of the heathiest among the very aged, or conversely, increased institutionalization in this population.

Some limitations should be considered. In tabulating hospital counts by race, we noted a large portion of records stating "other" or "unknown" as race categories, reflecting misclassification of hospitalizations in Native Americans, Asians, and Hispanics in the 1990s in the CMS population, which could lead to underestimation of CVD hospitalization rates in these groups if correction is not performed. However, we base our analyses of race on data from 2001 to 2006, by which time misclassification of race in these records have been substantially reduced and stabilized to some extent. Additionally, the race/ethnicity categories of "Asian" and "Hispanic" are very broad and could mask considerable heterogeneity in CVD hospitalization rates within these populations, since each group consists of multiple ethnicities and national origins, which have been shown to have heterogeneous CVD risk factors and characteristics.[52](#jah34465-bib-0052){ref-type="ref"} The CMS data used in the present analysis span the time period 1991 to 2014, but data by single‐year of age were available only for 1991 to 2006 (subsequent years were provided by CMS in 5‐year aggregate age categories), precluding analysis of detailed age trends over the entire 24‐year period. This limitation highlights the need for granular examination of age trends among older Americans, which can reveal policy‐relevant features, such as the spike in CVD hospitalizations at the age of Medicare onset that is noted in the present analysis. Such detailed analyses require the accessible and affordable provision of reliable refined age‐structure data by large administrative databases, such as CMS. Because of differences in batch data preparation by CMS from different time periods, the hospitalization counts in the original data set for 1998 to 2002 were significantly lower than other years, and years 2003 to 2004 were found to be of lesser data quality; however, we normalized these data with the remaining years of CMS data in this analysis using methods that retained the integrity of age‐ and time‐trends in the original data. The presented analysis focuses on all CVD‐related hospitalizations to establish age‐specific trends in total CVD burdens among the elderly and does not discuss trends by CVD subtype in great detail---future analyses will investigate this, including whether hospitalizations are primarily because of chronic conditions, such as congestive heart failure or atrial fibrillation, or acute conditions, such as myocardial infarction/acute coronary syndrome; how improvements in diagnosis, such as cardiac troponin testing, have impacted rates of CVD hospitalization, and how rates of unstable angina versus myocardial infarction have changed over time. In the present analysis, to assess total CVD hospitalization burdens, we computed CVD‐related hospitalization rates using all hospitalization counts per calendar year and for all 10 reported diagnostic codes; future analyses could be conducted to evaluate readmission rates, rates of comorbid conditions, and the position of CVD among all 10 reported diagnostic codes over time to provide insight into billing practices such as upcoding. As with any observation of past trends in healthcare service utilization, it is important to note that changes in national and state healthcare policies likely influenced these trends, and that policies implemented in the future may impact the accuracy of projections based on these data. Future research should explore these trends at a more localized level, such as by county or zip code, and explore factors at those levels that may be associated with differences in hospitalization rates.

In this analysis, we have explored patterns in CVD‐related hospitalization in the US elderly by age, race, sex, and geographic region using records maintained by the CMS intending to provide a uniform nationwide coverage for the US population aged 65 years and over. Results from this analysis reveal emerging trends, such as increases in age‐specific CVD hospitalization rates over time and increases in the age at which peak hospitalization rates occur, suggesting greater burdens developing at older ages, as well as disproportionately high rates in Native American populations, which increased over the latter part of the analysis period. Our analysis indicates that improving reporting by race/ethnicity in large population‐based data sets is crucial to accurate and equitable surveillance of disease burdens in diverse populations in the United States. Furthermore, our results provide evidence to support key recommendations of the American Heart Association by highlighting the critical importance of primary prevention of CVD at younger ages in order to avert increasing CVD burdens among the US elderly, by emphasizing the need for development of effective policies and health management systems to address regional and demographic heterogeneity in CVD burdens, and by underscoring the great necessity for preserving access to affordable health care to mitigate existing CVD burdens and extend years of healthy, active life.
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